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ELECTRIC WIRE TWISTING DEVICE AND
ELECTRIC WIRE TWISTING METHOD

TECHNICAL FIELD

The present invention relates to an electric wire twisting,

device and an electric wire twisting method for twisting a
plurality of electric wires.

BACKGROUND ART

Conventionally, an electric wire twisting device and an
clectric wire twisting method for twisting a plurality of
clectric wires are known. For example, Patent Literature 1
discloses an electric wire twisting device for twisting a first
clectric wire wound around a first bobbin and a second
clectric wire wound around a second bobbin. In this electric
wire twisting device, the first and second electric wires are
twisted while pulling out the first electric wire from the first
bobbin and pulling out the second electric wire from the
second bobbin.

Patent Literature 2 discloses an electric wire twisting
device including a first clamp that grips one end of a first
clectric wire, a second clamp that grips one end of a second
clectric wire, and a third clamp that grips the other set of
ends of the first and second electric wires. In this electric
wire twisting device, the first and second clamps are rotated
collectively to twist the first and second electric wires 1n a
state 1n which the third clamp 1s fixed. In this specification,
rotating the first and second clamps collectively i1s referred
to as “revolution”. Rotating the first and second clamps
independently 1s referred to as “rotation”. In the electric wire
twisting device disclosed in Patent Literature 2, the first and
second clamps are rotated in a direction opposite to the
direction of revolution during the revolution so that the
respective electric wires themselves are not twisted during
the twisting.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Publication
No. H02-446135

Patent Literature 2: Japanese Patent Application Publication
No. 2009-129729

SUMMARY OF INVENTION

Technical Problem

In the electric wire twisting device of Patent Literature 1,
both electric wires are twisted while being pulled out. In
order to obtain a twisted electric wire having a desired
length, cutting the twisted electric wire after twisting 1s
necessary. However, cutting a pair of electric wires after
twisting 1s complicated.

In the electric wire twisting device of Patent Literature 2,
a twisted electric wire can be produced from a pair of
clectric wires of which both ends are cut in advance.
However, in the electric wire twisting device of Patent
Literature 2, rotating mechanisms that rotate the first and
second clamps, respectively, and a devolving mechanism
that rotates the first and second clamps collectively are
driven by the same motor. Due to this, 1t 1s not possible to
operate the rotating mechanisms and the revolving mecha-
nism 1mdependently. Various kinds of wires having various
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diameters or hardness are to be twisted. With respect to an
clectric wire having a core and a covering, there are various
kinds of electric wires which have same diameter but
different covering thicknesses. In the electric wire twisting
device disclosed in Patent Literature 2, 1t 1s impossible to
control rotation and revolution independently 1n accordance
with the specification of each types of various electric wires.
Theretore, there 1s a case 1n which 1t 1s not possible to twist
a plurality of electric wires appropnately so that the twisted
clectric wire has desired impedance characteristics.

In view of the above-described problems, an object of the
present invention 1s to provide an electric wire twisting
device and an electric wire twisting method capable of

producing an appropriate twisted electric wire from a plu-
rality of electric wires of which both ends are cut.

Solution to Problem

An electric wire twisting device according to the present
invention 1s an electric wire twisting device producing a
twisted electric wire by twisting at least a first electric wire
and a second electric wire, each of the first and second
clectric wires having a first end and a second end. The
clectric wire twisting device 1includes a first gripping device
including a first clamp that grips the first end of the first
clectric wire, a second clamp that grips the first end of the
second electric wire, and a first holder that holds the first
clamp and the second clamp. The electric wire twisting
device includes a second gripping device that grips the
second end of the first electric wire and the second end of the
second electric wire; a first revolving actuator that 1s con-
nected to the first holder and causes the first holder to rotate
around a center line of revolution positioned between the
first clamp and the second clamp; and a first rotating actuator
that 1s connected to at least the first clamp and causes the first
clamp to rotate around a first center line of rotation that 1s
parallel to the center line of revolution or i1s inclined with
respect to the center line of revolution.

An electric wire twisting method according to the present
invention 1s an electric wire twisting method of twisting at
least a first electric wire and a second electric wire, each of
the first and second electric wires having a first end and a
second end. The electric wire twisting method includes a
gripping step ol gripping the first end of the first electric wire
and the first end of the second electric wire and gripping the
second end of the first electric wire and the second end of the
second electric wire; a revolving step of rotating the first
ends of the first and second electric wires collectively and/or
the second ends of the first and second electric wires
collectively; and a rotating step of rotating the first ends of
the first and second electric wires independently and/or
rotating the second ends of the first and second electric wires
independently. The rotating step starts after the revolving
step starts.

Advantageous Effects of Invention

According to the present invention, it 1s possible to
produce an appropriate twisted electric wire from a plurality
of electric wires of which both ends are cut.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of an electric wire twisting,
device according to a first embodiment.

FIG. 2 1s a perspective view of the electric wire twisting,
device after electric wires are twisted.
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FIG. 3 1s a side view of a twisted electric wire.

FI1G. 4 15 a partially sectioned plan view of a first gripping
device.

FIG. 5 1s a partially enlarged cross-sectional view of the
first gripping device when a grip arm 1s open.

FIG. 6 1s a block diagram of a controller or the like of the
clectric wire twisting device.

FIG. 7 1s a flowchart of an electric wire twisting method.

FIG. 8 1s a timing chart of a rotating step S2 and a
revolving step S3.

FIG. 9 1s a timing chart of a rotating step S2 and a
revolving step S3 according to a modification.

FIG. 10 1s a timing chart of a rotating step S2 and a
revolving step S3 according to a modification.

FIG. 11 1s a side view of a twisted electric wire after a
rotating step S4 1s performed.

FIG. 12 1s a timing chart of a revolving step S3 and a
rotating step S4.

FIG. 13 1s a timing chart of a revolving step S3 and a
rotating step S4 according to a modification.

FIG. 14 1s a timing chart of a revolving step S3 and a
rotating step S4 according to a modification.

FIG. 15 1s a timing chart of a revolving step S3 and a
rotating step S4 according to a modification.

FIG. 16 1s a timing chart of a revolving step S3 and a
rotating step S4 according to a modification.

FIG. 17 1s a perspective view of an electric wire twisting,
device according to a modification.

FIG. 18 1s a schematic diagram of the electric wire
twisting device according to the first embodiment.

FI1G. 19 1s a schematic diagram of an electric wire twisting,
device according to a modification.

FI1G. 20 1s a schematic diagram of an electric wire twisting,
device according to a modification.

FI1G. 21 1s a schematic diagram of an electric wire twisting
device according to a second embodiment.

FIG. 22 1s a schematic diagram of an electric wire twisting,
device according to a modification.

FIG. 23 1s a schematic diagram of an electric wire twisting,
device according to a modification.

FIG. 24 1s a perspective view of an electric wire twisting,
device having a pitch measuring device.

FIG. 25 1s a schematic top view of a portion of a twisted
clectric wire.

FIG. 26 1s a schematic diagram illustrating a state in
which a twisted electric wire 1s inclined with respect to a
moving direction of a moving unit.

FI1G. 27 1s a schematic top view of a twisted electric wire
when a gripping device 1s oriented vertically.

FI1G. 28 1s a perspective view of a pitch measuring device
including a photoelectric sensor that emits light in a strip-
like shape perpendicular to a moving direction of a moving
unit.

FIG. 29 15 a perspective top view ol the pitch measuring
device 1llustrated 1n FIG. 28.

FI1G. 30 1s a perspective view of a pitch measuring device
including a plurality of sets of moving units and pitch
measuring sensors.

FIG. 31 1s a perspective view of a moving unit having a
sensor attachment member.

FIG. 32 1s a perspective view of a moving unit having a
shielding plate.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings. As 1llustrated in
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FIGS. 1 and 2, an electric wire twisting device (hereinafter
referred to simply as a twisting device) 1 according to an
embodiment of the present invention 1s a device that twists
two electric wires C1 and C2 (hereinafter, the electric wires
C1 and C2 will be reterred to as a first electric wire and a
second electric wire, respectively). As 1llustrated 1n FIG. 3,
cach of the electric wires C1 and C2 has a core 71 and a
covering 72 that covers the core 71. The core 71 1s formed
of a conductor such as metal or the like and the covering 72
1s formed of an isulator such as a vinyl resin or the like. The
edges of both electric wires C1 and C2 may be processed.
For example, as illustrated 1n FIG. 3, the coverings 72 at the
ends of both electric wires C1 and C2 may be stripped.
Moreover, terminals (not 1llustrated) may be pressure-joined
to the ends of both electric wires C1 and C2.

As 1llustrated 1n FIG. 1, the twisting device 1 includes a
rail 4 and a first gripping unit 51 and a second gripping unit
52 supported by the rail 4. At least one of the first and second
gripping units 51 and 52 1s slidably supported by the rail 4.
In the present embodiment, the first gripping unit 51 1s
slidably supported by the rail 4. However, the second
gripping unit 52 may be slidably supported by the rail 4.
Both the first and second gripping units 51 and 52 may be
slidably supported by the rail 4.

In the following description, symbols F and Rr in the
drawings indicate the front and rear, respectively. However,
these directions are determined for the sake of convenience
only and do not restrict an actual installation of the twisting
device 1. The rail 4 extends 1n a front-rear direction. The first
oripping unit 31 1s located forward of the second gripping
unit 52.

The first and second electric wires C1 and C2 each have
a front end and a rear end. Here, the front end and the rear
end are examples of a “first end” and a “second end”,
respectively. The first gripping unit 51 includes a first
oripping device 11 that grips the front end of the first electric
wire C1 and the front end of the second electric wire C2. The
first gripping device 11 includes a first clamp 2a that grips
the front end of the first electric wire C1, a second clamp 256
that grips the front end of the second electric wire C2, and
a first holder 15A that holds the first and second clamps 2a
and 2b. The second gripping unit 52 includes a second
gripping device 12 that grips the rear end of the first electric
wire C1 and the rear end of the second electric wire C2. The
second gripping device 12 includes a third clamp 2¢ that
grips the rear end of the first electric wire C1, a fourth clamp
2d that grips the rear end of the second electric wire C2, and
a second holder 15B that holds the third and fourth clamps
2¢ and 2d.

First, a configuration of the first gripping unit 51 will be
described. The first gripping umt 51 includes a base 5 that
engages with the rail 4 and a umt body 7 that 1s supported
by the base 5. The unit body 7 has a vertical plate 7a and a
vertical plate 75. The vertical plate 7a 1s located 1n front of
the vertical plate 7b. A first motor 3a and a second motor 35
are fixed to a front portion of the vertical plate 7a. The first
and second motors 3a and 36 are examples of a “first
rotating actuator” and a “first revolving actuator”, respec-
tively. A rotating shaft 8 connected to the first motor 3a
passes through the vertical plates 7a and 7b. A gear 18 1s
fixed to a rear end of the rotating shait 8. The gear 18 is
located rearward of the vertical plate 75. A gear 13 1s located
below the gear 18, and a driving gear 14 1s located below the
gear 13. The gear 13 engages with the gear 18, and a front
portion of the driving gear 14 engages with the gear 13. A
first gear 16 and a second gear 17 are located on lateral sides
of the rear portion of the driving gear 14. The driving gear
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14 1s located between the first and second gears 16 and 17.
The rear portion of the driving gear 14 1s configured as a
tapered gear. The rear portion of the driving gear 14 engages
with the first and second gears 16 and 17.

FIG. 4 1s a plan view of the first gripping unit 51
illustrating a portion of the first gripping unit 51 1 a
sectioned state. As 1llustrated 1in FIG. 4, the first and second
gears 16 and 17 are configured as a tapered gear. The first
and second clamps 2a and 26 each have a shait 20, a
compression spring 23, a pair of grip arms 22, and a link 21
that connects the shatt 20 and the grip arm 22. The link 21
has a first link bar 21ae and a second link bar 215 rotatably
connected to the first link bar 21a. The shatt 20 of the first
clamp 2a passes through the first gear 16 and the first holder

15A. The shaft 20 of the first clamp 2a 1s supported by the

first gear 16 and the first holder 15A so as to be movable 1n
an axial direction of the shait 20. The shait 20 of the first

clamp 2a 1s supported by the first gear 16 so as not to be

rotatable to the first gear 16 and rotatably supported by the
first holder 15A. The shaft 20 of the second clamp 25 passes

through the second gear 17 and the first holder 15A. The
shaft 20 of the second clamp 25 1s supported by the second
gear 17 and the first holder 15A so as to be movable 1n the
axial direction of the shait 20. The shaft 20 of the second
clamp 26 1s supported by the second gear 17 so as not to be
rotatable to the second gear 17 and rotatably supported by
the first holder 15A. In the present embodiment, a center line
Q1 of the shatt 20 of the first clamp 2a 1s a “first center line
of rotation”, and a center line Q2 of the shaft 20 of the
second clamp 26 1s a “second center line of rotation™.

A pressure recerving portion 20aq having a larger outer
diameter than the shaft 20 1s provided in a base end of the
shaft 20 of each of the first and second clamps 2a and 2b.
The distal end of the shait 20 of each of the first and second
clamps 2a and 254 1s connected to the first link bar 21a of the
link 21. The grip arm 22 1s connected to the distal end of the
shaft 20 via the link 21. The shaft 20 and the grip arm 22 are
connected so that the grip arm 22 1s open when the shatt 20
moves from the base end toward the distal end and the grip
arm 22 1s closed when the shait 20 moves from the distal end
toward the base end. The compression spring 23 of the first
clamp 2a 1s disposed between the first gear 16 and the
pressure recerving portion 20a of the shatt 20. The com-
pression spring 23 of the second clamp 26 1s disposed
between the second gear 17 and the pressure receiving
portion 20a of the shait 20. The shaft 20 1s pulled toward the
base end by the compression spring 23. The compression
spring 23 provides the grip arm 22 with a force to close.

A clamp actuator 24 is located between the vertical plates
7a and 7b. The clamp actuator 24 1s configured to generate
force that presses the shaft 20 from the base end toward the
distal end. In the present embodiment, the clamp actuator 24
1s configured as an air cylinder. However, the clamp actuator
24 1s not limited to an air cylinder but may be other actuators
such as a motor. The clamp actuator 24 includes a cylinder
24a, a rod 24bH, and a pressing portion 24¢ provided at a
distal end of the rod 245. When the clamp actuator 24 1s
turned on, the rod 245 1s extended, and the pressing portion
24¢ presses the pressure receiving portion 20a of the shatt 20
as 1llustrated in FIG. 5. In this way, the grip arm 22 1s open.
On the other hand, when the clamp actuator 24 1s turned off,
the rod 24b 1s contracted, and the pressing portion 24c¢ 1s
separated from the pressure receiving portion 20aq of the
shaft 20. As a result, the shaft 20 1s pulled toward the base
end by the force of the compression spring 23 and the grip
arm 22 1s closed (see FIG. 4).
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As 1illustrated 1n FIG. 1, the rotating shait 9 connected to
the second motor 35 passes through the vertical plates 7a
and 7b. The rotating shatt 9 passes through the driving gear
14 and 1s fixed to the first holder 15A (see FIG. 4). The
rotating shait 9 1s rotatable with respect to the dnving gear
14. The first holder 15A rotates together with the rotating
shaft 9. In the present embodiment, the center line CL of the
rotating shatt 9 1s a “center line of revolution™.

In the present embodiment, as illustrated 1n FIG. 4, the
first and second center lines of rotation Q1 and Q2 are tilted
from the center line of revolution CL. The shait 20 of each
of the first and second clamps 2a and 26 1s inclined with
respect to the center line of revolution CL such that a portion
of the shaft 20 comes close to the center line of revolution
CL as the portion of the shait 20 comes close to the distal
end. The first and second clamps 2a and 256 are disposed
such that a portion of them come close to the center line of
revolution CL as the portion of them come close to the distal
end. The grip arm 22 of each of the first and second clamps
2a and 2b 1s disposed such that a portion of the grip arm 22
come close to the center line of revolution CL as the portion
of the grip arm 22 come close to the distal end.

For example, by driving the first motor 3a and stopping
the second motor 3b, 1t 1s possible to rotate the first and
second clamps 2a and 2b. That 1s, 1t 1s possible to cause the
first and second clamps 2a and 2b to rotate. Here, the
rotation of the first clamp 2a around the first center line of
rotation Q1 and the rotation of the second clamp 256 around
the second center line of rotation Q2 will be referred to as
“rotation”. Specifically, when the first motor 3a 1s driven, the
rotating shait 8 rotates. When the rotating shaft 8 rotates, the
gear 18 rotates. When the gear 18 rotates, the gear 13 rotates.
When the gear 13 rotates, the driving gear 14 rotates. In this
way, the driving gear 14 1s connected to the first motor 3a
via the gears 13 and 18 and the rotating shatt 8. The driving
gear 14 rotates by receiving the driving force of the first
motor 3a. Since the first and second gears 16 and 17 are
engaged with the driving gear 14, when the gear 18 rotates,
the first and second gears 16 and 17 rotate. Therefore, the
shafts 20 of the first and second clamps 2a and 26 rotate,
whereby the grip arms 22 of the first and second clamps 2a
and 2b rotate. In the present embodiment, the first motor 34,
the rotating shait 8, and the gears 13 to 18 form a “rotation

driving mechanism” that rotates the first and second clamps
2a and 2b.

When the second motor 354 1s driven, the first holder 15A
rotates and the first gripping device 11 rotates. When the first
gripping device 11 rotates, the first and second clamps 2a
and 2b rotate collectively. Therefore, driving the second
motor 35 makes 1t possible to cause the first and second
clamps 2a and 2b to revolve. Here, rotation of the first and
second clamps 2a and 25 around the center line of revolution
CL will be referred to as “revolution”. Specifically, when the
second motor 35 1s driven, the rotating shaft 9 rotates. Since
the rotating shatt 9 1s fixed to the first holder 15A, when the
rotating shait 9 rotates, the first holder 15 A rotates. Since the
first and second clamps 2a and 25 are held by the first holder
15A, the first and second clamps 2a and 2b rotate collec-
tively according to rotation of the first holder 15A. In the
present embodiment, the second motor 35 and the rotating
shaft 9 form a “revolution driving mechanism” that rotates
the first gripping device 11.

The first gripping unit 51 includes a moving device 6
having a motor or the like that moves the base 5 along the
rail 4. The configuration of the moving device 6 1s not
particularly limited and various known devices can be used.
For example, although not illustrated in the drawings, the
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moving device 6 may include a power transmission belt
connected to the base 5, a pulley wound around the power
transmission belt, and a motor connected to the pulley. A
driving source 1s not limited to a motor. An air cylinder, a
spring, and the like can be used as the driving source.

Hereinabove, the configuration of the first gripping umit
51 has been described. The second gripping unit 52 has the
same configuration as the first gripping unit 31 except that
the base 3 1s fixed to the rail 4 so as to be immovable. The
second gripping unit 52 and the first gripping unit 51 have
a symmetric configuration in relation to the front-rear direc-
tion. The second gripping unit 52 includes a third clamp 2¢,a
fourth clamp 2d,a second holder 15B, a third motor 3¢,and
a fourth motor 34 instead of the first clamp 24, the second
clamp 256, the first holder 15A, the first motor 34, and the
second motor 3b, respectively. The first clamp 2a, the
second clamp 25, the first holder 15 A, the first motor 3a, and
the second motor 36 have the same configuration as the third
clamp 2c¢,the fourth clamp 2d,the second holder 15B, the
third motor 3c,and the fourth motor 3d respectively. Since
the other components are similar to those of the first gripping,
unit 51, and the same components will be denoted by the
same reference numerals, and the description thereotf will be
omitted.

The twisting device 1 includes a controller 30 that con-
trols the revolution dnving mechanism and the rotation
driving mechanism. The controller 1s communicably con-
nected to the first to fourth motors 3a, 35, 3c¢,and 3d,the
clamp actuators 24 of the first and second gripping units 51
and 52, and the moving device 6 so as to control these
components. The configuration of the controller 30 1s not
particularly limited and 1s configured as a microcomputer,
tor example. The controller 30 may include a CPU, a RAM,
a ROM, and the like, for example. The controller 30 may be
a controller dedicated for the twisting device 1 and may be
a general-purpose controller such as a personal computer.

As 1llustrated 1n FIG. 6, the controller 30 includes a grip
control unit 31, a first rotation control unit 32, a revolution
control unit 33, and a second rotation control unit 34. These
respective control units 31 to 34 are realized by a computer
executing a predetermined program. These respective con-
trol units 31 to 34 are configured as identical or different
Processors.

Next, an example of an operation of the twisting device 1
will be described with reference to the tlowchart of FIG. 7.
First, a gripping step S1 1s performed. In the gripping step
S1, the grip control unit 31 drives the clamp actuators 24 of
the first and second gripping units 51 and 52. In this way, the
first and second gripping units 51 and 52 grip the first and
second electric wires C1 and C2, respectively. Specifically,
the first clamp 2a 1s open and closed so that the first clamp
2a grips the front end of the first electric wire C1. The
second clamp 25 1s open and closed so that the second clamp
2b grips the front end of the second electric wire C2. The
third clamp 2¢ 1s open and closed so that the third clamp 2c¢
orips the rear end of the first electric wire C1. The fourth
clamp 2d 1s open and closed so that the fourth clamp 24 grips
the rear end of the second electric wire C2. In this way, the
first and second electric wires C1 and C2 are arranged 1n
parallel (see FIG. 1).

Subsequently, a rotating step S2 1s performed. In the
rotating step S2, the first and third motors 3a and 3¢ are
driven by the first rotation control umit 32. By doing so, the
rotating shaft 8 of the first motor 3a rotates in the direction
R1 i FIG. 1. The rotating shait 8 of the third motor 3¢
rotates 1n the direction R2 opposite to the direction R1. The
first and second clamps 2a and 25 rotate 1n the direction R2,
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and the third and fourth clamps 2¢ and 2d rotate in the
direction R1. In this way, the front end and the rear end of
the first electric wire C1 rotate in the opposite directions and
the front end and the rear end of the second electric wires C2
rotate 1n the opposite directions. As a result, the first and
second electric wires C1 and C2 are twisted independently.

Subsequently, a revolving step S3 i1s performed. In the
revolving step S3, the revolution control unit 33 drives the
second and fourth motors 35 and 34. By doing so, the
rotating shait 9 of the second motor 36 rotates 1n the
direction R1, and the rotating shaft 9 of the fourth motor 3d
rotates 1n the direction R2. In this way, the first and second
clamps 2aand 254 rotate collectively 1n the direction R1, and
the third and fourth clamps 2¢ and 2d rotate collectively 1n
the direction R2. The first to fourth clamps 2a to 24 revolve
in a direction opposite to the direction of rotation. In this
way, the first and second electric wires C1 and C2 are
twisted (see FI1G. 2). When the first and second electric wires
C1 and C2 are twisted, an apparent length (that 1s, the length
in the front-rear direction) of the electric wires C1 and C2
decreases. Therefore, the controller 30 drives the moving
device 6 to move the base 5 of the first gripping unit 51 so
that the distance between the first and second gripping units
51 and 52 decreases as the twisting of the electric wires C1
and C2 progresses. When the first and second electric wires
C1 and C2 are loosened i advance belore the revolving step
S3 1s performed, 1t 1s not necessary to decrease the distance
between the first and second gripping units 51 and 352 in the
course of the revolving step S3. In such a case, the moving
device 6 1s not necessary. The moving device 6 1s not
essential but can be omitted.

As 1llustrated 1n FIG. 8, the revolving step S3 may start
alter the rotating step S2 ends. t21 and 122 indicate the
starting and ending time of the rotating step S2, respectively.
t31 and t32 indicate the starting and ending time of the
revolving step S3, respectively. A horizontal axis t indicates
time. As illustrated in FIG. 8, t31 may be later than t22. The
revolving step S3 may start simultaneously with the end of
the rotating step S2. That 1s, 122=t31. As 1llustrated in FIG.
9, the revolving step S3 may start after the rotating step S2
starts and before the rotating step S2 ends. That 1s,
121<t31<t22. As 1illustrated in FIG. 10, the rotating step S2
and the revolving step S3 may be performed simultaneously.
The rotating step S2 and the revolving step S3 may start
simultaneously. That 1s, t21=t31. The rotating step S2 and
the revolving step S3 may end simultanecously. That 1s,
t22=t32. In this manner, the revolving step S3 may start
simultaneously with or after the start of the rotating step S2,
and the timings of the rotating step S2 and the revolving step
S3 are not particularly limited.

In the twisting device 1, rotation 1s performed by the first
and third motors 3a and 3¢ and revolution 1s performed by
the second and fourth motors 35 and 34 Rotation and
revolution are performed by different motors. Due to this,
the timings of rotation and revolution can be set indepen-
dently. The number of rotations and the number of revolu-
tions can be set independently. For example, the number of
rotations may be set to be smaller or larger than, or the same
as the number of revolutions. The rotation speed of rotation
and the rotation speed of revolution can be set idepen-
dently. The timings of rotation and revolution, the number of
rotations and revolutions, and the rotation speed of rotation
and revolution may be changed according to the kind of the
first and second electric wires C1 and C2. For example, the
covering 72 (see FIG. 3) may have a different thickness
depending on the kind of the first and second electric wires

C1 and C2. Depending on the kind of the first and second




US 10,984,925 B2

9

clectric wires C1 and C2, untwisting may occur due to
clastic force after twisting. In such a case, control may be
performed so that the number of rotations in the rotating step
S2 1s 1ncreased, for example.

The first and second clamps 2a and 2b are separated 1n a
direction perpendicular to the longitudinal direction of the

twisted electric wire CT. Similarly, the third and fourth
clamps 2¢ and 2d are separated 1n a direction perpendicular
to the longitudinal direction of the twisted electric wire CT.
In the state 1llustrated 1n FIG. 2, the first and second clamps
2a and 2b are separated 1n a left-right direction, and the third
and fourth clamps 2¢ and 2d are separated in the left-right
direction. Therefore, 1t 1s not possible to twist the distal ends
of the first and second electric wires C1 and C2. As
illustrated 1n FIG. 3, the twisted electric wire CT has a
portion (hereinafter referred to as a twisted portion) Cs in
which the first and second electric wires C1 and C2 are
twisted and a portion (heremafter referred to as a non-
twisted portion) Cr 1n which the first and second electric
wires C1 and C2 are not twisted. Here, a portion in which the
first and second electric wires C1 and C2 are 1n contact 1s the
twisted portion Cs, and a portion in which the first and
second electric wires C1 and C2 are not 1n contact 1s the
non-twisted portion Cr.

As a result of intensive studies, the present inventors have
found that the position of a terminal end Cc of the twisted
portion Cs does not change substantially even when the first
and second clamps 2a and 2b are revolved further after the
first and second clamps 2a and 26 are revolved so that the
first and second electric wires C1 and C2 are twisted for a
certain number of times. In this case, i1t has been found that
the pitch (hereinafter also referred to as a twist pitch) P of
twisting of the twisted portion Cs decreases and the length
(heremaftter referred to as a residual twisting length) L of the
non-twisted portion Cr does not decrease substantially. Fur-
thermore, it has been found that although the number of
twisting does not change when the first and second clamps
2a and 2b are rotated after the first and second electric wires
C1 and C2 are twisted for a certain number of times, the
length of the twisted portion Cs changes and the residual
twisting length L changes. Specifically, it has been found
that the residual twisting length L increases when the first
and second clamps 2a and 2b are rotated in the same
direction as the revolution direction, and the residual twist-
ing length L decreases when the first and second clamps 2a
and 2b are rotated 1n a direction opposite to the revolution
direction.

In this twisting device 1, based on the above-mentioned
findings, the rotating step S4 1s performed after the revolving
step S3 1s performed in order to decrease the residual
twisting length L of the twisted electric wire CT. That 1s, the
rotating step S4 1s performed such that the first and second
clamps 2a and 254 are rotated 1n a direction opposite to the
revolution direction and the third and fourth clamps 2¢ and
2d are rotated 1n a direction opposite to the revolution
direction. Specifically, after the revolution control unit 33
stops the second and fourth motors 35 and 3d,the second
rotation control unit 34 drives the first and third motors 3a
and 3c. The second rotation control unit 34 drnives the first
motor 3a so that the rotating shait 8 of the first motor 3a
rotates in the direction R1 and drives the third motor 3¢ so
that the rotating shait 8 of the third motor 3¢ rotates in the
direction R2. In this way, as illustrated in FIG. 11, the
terminal ends Cc of the first and second electric wires C1
and C2 move toward the distal end and the residual twisting
length L of the twisted electric wire CT decreases.
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In the present embodiment, as illustrated in FIG. 12, the
rotating step S4 starts after the revolving step S3 ends. t41
and t42 indicate the starting and ending time of the rotating
step S4. Here, t32<t41. However, the rotating step S4 may
start simultaneously with the end of the revolving step S3.
That 1s, t32=t41. In the present embodiment, the rotating
step only 1s performed after the revolving step ends. Due to
this, 1t 1s possible to execute the rotating step S4 more stably.
That 1s, by causing the first to fourth clamps 2a to 2d to
rotate after twisting the first and second electric wires C1
and C2 by causing the first to fourth clamps 2a to 2d to
revolve, 1t 1s possible to perform an operation of adjusting
the residual twisting length L of the twisted electric wire CT
more stably.

However, the timings of the revolving step S3 and the
rotating step S4 are not limited to the above-described
timings The rotating step S4 may start after the revolving
step S3 starts, and the starting time t41 of the rotating step
S4 15 not necessarily limited to the time after the end of the
revolving step S3. As illustrated in FIGS. 13 to 135, the
starting time t41 of the rotating step S4 may be earlier than
the ending time t32 of the revolving step S3. In this case, the
ending time t42 of the rotating step S4 may be later (see FIG.
13) or earlier (see F1G. 14) than or the same as (see FIG. 15)
the ending time t32 of the revolving step S3. In the examples
illustrated 1n FIGS. 13 to 15, the revolving step S3 and the
rotating step S4 have an overlapping period. In this period,
the first and second motors 3a and 35 are driven simulta-
neously and the first and second clamps 2a and 25 rotate and
revolve. Similarly, the third and fourth motors 3¢ and 3d are
driven simultaneously and the third and fourth clamps 2c¢
and 2d rotate and revolve. As 1illustrated in FIG. 16, the
rotating step S4 may be performed after the revolving step
S3 1s performed and another revolving step S3a may be
performed simultaneously with at least a portion of the
rotating step S4.

According to the examples 1llustrated 1n FIGS. 13 to 15,
since the revolving step S3 overlaps at least a portion of the
rotating step S4, 1t 1s possible to shorten the entire period of
the revolving step S3 and the rotating step S4. Therefore, 1t
1s possible to produce a satistactory twisted electric wire CT
in a shorter period of time.

According to the example 1llustrated in FIG. 13, since the
revolving step S3 overlaps a portion of the rotating step S4
and a remaining portion of the rotating step S4 1s performed
alter the revolving step S3 ends. Due to this, 1t 1s possible to
shorten the entire period of the revolving step S3 and the
rotating step S4 and to perform the rotating step S4 stably
alter the revolving step S3 ends.

Here, although a case in which the period (the period
between t41 and t42) of the rotating step S4 1s shorter than
the period (the period between t31 and t32) of the revolving
step S3 has been described, the period of the rotating step S4
may be longer than or the same as the period of the revolving
step S3.

When the rotating step S4 ends, a collecting step S5 of
collecting the twisted electric wire CT 1s performed. In the
collecting step S5, the grip control unit 31 drives the clamp
actuators 24 of the first and second gripping units 51 and 52.
By doing so, the first to fourth clamps 2a to 24 are open and
closed and the twisted electric wire CT 1s collected. A
method of collecting the twisted electric wire CT 1s not
particularly limited. For example, the electric wire twisting,
device may include a gripping device (not illustrated) that
orips the twisted electric wire CT so that the twisted electric
wire CT 1s delivered from the first and second gripping units
51 and 352 to the gripping device. When the first to fourth
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clamps 2a to 2d are open, the twisted electric wire CT {falls
due to i1ts own weight. A collection tray (not illustrated) may
be provided below the rail 4 so that the twisted electric wire
CT 1s collected 1n the collection tray.

As described above, according to the twisting device 1 of
the present embodiment, it 1s possible to twist the first and
second electric wires C1 and C2 of which both ends are cut.
It 1s not necessary to cut the twisted electric wire CT after
twisting both electric wires C1 and C2. Therefore, since 1t 1s
not necessary to perform a complicated process after twist-
ing, it 1s possible to produce the twisted electric wire CT
casily. The twisting device 1 includes the first motor 3a that
causes the first and second clamps 2a and 2b to rotate and
the second motor 35 that causes the first and second clamps
2a and 2b to revolve. Therefore, 1t 1s possible to control
rotation and revolution independently. For example, 1t 1s
possible to adjust the timings of rotation and revolution
arbitrarily. Moreover, it 1s possible to adjust the number of
rotations or the rotation speed of rotation and revolution
arbitrarily. In this way, 1t 1s possible to realize twisting
appropriate for the specifications of various kinds of electric
WIres.

According to the twisting device 1, 1t 1s possible to
transmit the driving force of the first motor 3a to the first and
second gears 16 and 17 simultaneously via the driving gear
14. Therefore, it 1s not necessary to prepare a driving source
for driving the first gear 16 and a driving source for driving
the second gear 17 individually.

However, the electric wires C1 and C2 have restoring
force. When revolution only 1s performed when twisting the
clectric wires C1 and C2, force acts in a direction (that 1s, a
direction of undoing the twisting by revolution) opposite to
the revolution direction. Due to this, the tighteming of the
clectric wires C1 and C2 decreases. However, according to
the twisting device 1, the rotating step S2 as well as the
revolving step S3 are performed. The rotation direction in
the rotating step S2 1s opposite to the revolution direction in
the revolving step S3. Therelfore, 1t 1s possible to cancel the
force acting on the electric wires C1 and C2 (that 1s, the
force where the electric wires C1 and C2 restore to an
original state from the twisted state). Due to this, 1t 1s
possible to suppress a decrease of the tightening of the
clectric wires C1 and C2 1n the twisted electric wire CT.
According to the twisting device 1, 1t 1s possible to obtain a
suitable twisted electric wire CT having desired impedance
characteristics.

According to the twisting device 1, the third and fourth

clamps 2¢ and 2d as well as the first and second clamps 2a
and 25 rotate. Moreover, the second holder 15B as well as
the first holder 15A rotates. It 1s possible to cause the front
ends of both electric wires C1 and C2 to rotate and revolve
and to cause the rear ends of both electric wires C1 and C2
to rotate and revolve. Due to this, it 1s easy to equalize the
twist pitches P of the twisted electric wire CT. Moreover, it
1s easy to equalize the residual twisting lengths L at both
ends of the twisted electric wire CT. Furthermore, 1t 1s
possible to shorten the processing time as compared to a case
in which only the front ends of both electric wires C1 and C2
are caused to rotate and revolve.

According to the twisting device 1, the first and second
clamps 2a and 25 are disposed such that a portion of them
come close to the center line of revolution CL as the portion
of them come close to each of the distal ends. Due to this,
it 1s possible to dispose the front end of the first electric wire
C1 and the front end of the second electric wire C2 near the
center line of revolution CL. In this way, 1t 1s possible to
shorten the residual twisting length L of the front end of the
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twisted electric wire CT. Similarly, the third and fourth
clamps 2¢ and 2d are disposed such that a portion of them
come close to the center line of revolution CL as the portion
of them come close to each of the distal ends. Due to this,
it 15 possible to dispose the rear end of the first electric wire
C1 and the rear end of the second electric wire C2 near the
center line of revolution CL. In this way, 1t 1s possible to
shorten the residual twisting length L of the rear end of the
twisted electric wire CT.

According to the twisting device 1, the first and second
motors 3a and 3b are located forward of the first and second
clamps 2a and 2b. The first and second motors 3a and 3b are
arranged 1n the direction perpendicular to the center line of
revolution CL. The third and fourth motors 3¢ and 34 are
located rearward of the third and fourth clamps 2¢ and 2d.
The third and fourth motors 3¢ and 3d are arranged in the
direction perpendicular to the center line of revolution CL.
Due to this, 1t 1s possible to simplify the configuration of the
twisting device 1 and to decrease the size thereof.

In the present embodiment, before the first to fourth
clamps 2a to 24 are caused to revolve 1n the revolving step
S3, the first to fourth clamps 2a to 24 are caused to rotate 1n
a direction opposite to the revolution direction 1n the rotating
step S2. With this rotation, the first and second electric wires
C1 and C2 are twisted 1n the direction opposite to the
revolution direction 1n advance. Therelfore, restoring force
occurs 1n the first and second electric wires C1 and C2 such
that the first and second electric wires C1 and C2 return in
the revolution direction. The restoring force acts as such
force that the first and second electric wires C1 and C2 are
tightened each other when the first to fourth clamps 2a to 2d
are caused to revolve. Therefore, according to the present
embodiment, the tighteming of the first and second electric
wires C1 and C2 increases and a gap 1s not easily formed
between the first and second electric wires C1 and C2.
Therefore, 1t 1s possible to obtain a satisfactory twisted
clectric wire CT having desired impedance characteristics.

When the second motor 35 1s driven aiter driving the first
motor 3a, twisting of the first and second electric wires C1
and C2 starts, and the force of revolution of the first and
second clamps 2a and 2b propagates sequentially from the
front ends of the first and second electric wires C1 and C2
toward the central portions thereof. Similarly, when the
fourth motor 34 1s drniven after driving the third motor
3¢ twisting of the first and second electric wires C1 and C2
starts, and the force of revolution of the third and fourth
clamps 2¢ and 2d propagates sequentially from the rear ends
of the first and second electric wires C1 and C2 toward the
central portions thereof. As a result, the residual twisting
lengths L. of the front end and the rear end of the twisted
clectric wire CT are equalized and the twist pitches P thereof
are equalized.

As 1llustrated in FIGS. 12 and the like, starting the
rotating step S4 after starting the revolving step S3 makes 1t
possible to adjust the residual twisting length L of the
twisted electric wire CT. In the present embodiment, since
the first to fourth clamps 2a to 24 are rotated 1n the direction
opposite to the revolution direction in the rotating step S4,
it 1s possible to decrease the residual twisting length L of the
twisted electric wire CT. Therefore, 1t 15 possible to suppress
an increase 1n characteristic impedance of the twisted elec-
tric wire CT and to easily control the characteristic imped-
ance to be within a desired range. Therefore, 1t 1s possible to

obtain a satisfactory twisted electric wire CT.

Modification of First Embodiment

Heremabove, the twisting device 1 according to the first
embodiment has been described. However, the twisting
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device 1 1s an example only and various other modifications
may be considered. Next, several modifications will be
described.

In the embodiment described above, although the gear 13
1s interposed between the gear 18 and the driving gear 14, 1t
1s not particularly limited thereto. The gear 18 and the
driving gear 14 may be directly engaged with each other.
Moreover, a power transmission member 1nterposed
between the first motor 3¢ and the driving gear 14 1s not
limited to the gear but may be a power transmission belt, a
chain, or the like. The first motor 3a and the driving gear 14
may be connected directly.

The rotating actuator and the revolving actuator are not
necessarily limited to motors. The first to fourth motors 3a
to 3d may be other actuators that generate driving force. For
example, an air cylinder or the like can be used as the other
actuators.

In the embodiment described above, the first and second
gripping devices 11 and 12 grip the front ends and the rear
ends of the first and second electric wires C1 and C2,
respectively. However, the front and rear used 1n the above
description are directions determined for the sake of con-
venience only. The first and second gripping devices 11 and
12 may be configured to grip the rear ends and the front ends
of the first and second electric wires C1 and C2, respectively.

In the embodiment described above, the first gripping
device 11 executes both rotation and revolution of the first
and second electric wires C1 and C2. The second gripping
device 12 executes both rotation and revolution of the first
and second electric wires C1 and C2. However, the second
gripping device 12 may not execute rotation of the first and
second electric wires C1 and C2 and may not execute
revolution thereof. For example, the third and fourth clamps
2¢ and 2d may be configured to be non-rotatable. The second
holder 15B may be configured to be non-rotatable.

In the embodiment described above, the rear end of the
first electric wire C1 1s gripped by the third clamp 2¢ and the
rear end of the second electric wire C2 1s gripped by the
fourth clamp 2d. However, the rear end of the first electric
wire C1 and the rear end of the second electric wire C2 may
be gripped by the same clamp. That 1s, the rear ends of two
clectric wires C1 and C2 may be gripped simultaneously by
one clamp.

The twisting device 1 according to the embodiment
described above 1s configured to twist two electric wires C1
and C2. However, the electric wire twisting device accord-
ing to the present invention may be configured to twist three
or more electric wires. In this case, the first clamp 24, the
gear 16, and the like may be provided 1n three or more sets.

In the embodiment described above, although all of the
first to fourth clamps 2a to 2d are inclined with respect to the
center line of revolution CL, at least one of the first to fourth
clamps 2a to 2d may be parallel to the center line of
revolution CL.

As 1illustrated i FIG. 17, the first to fourth clamps 2a to
2d may be disposed 1n parallel to the center line of revolu-
tion CL. In this case, the shafts 20 of the first to fourth
clamps 2a to 2d are disposed 1n parallel to the center line of
revolution CL. That 1s, a center line of rotation (a first center
line of rotation) of the first clamp 2a, a center line of rotation
(a second center line of rotation) of the second clamp 25, a
center line of rotation (a third center line of rotation) of the
third clamp 2c¢,a center line of rotation (a fourth center line
of rotation) of the fourth clamp 2d,and the center line of
revolution are parallel to each other. A spur gear can be used
as the driving gear 14, the first gear 16, and the second gear
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As schematically 1llustrated 1n FIG. 18, 1n the embodi-
ment described above, the first and second clamps 2a and 256
are provided 1n the first gripping device 11, and the third and
fourth clamps 2¢ and 2d are provided in the second gripping
device 12. Both the first and second gripping devices 11 and
12 can rotate and all of the first to fourth clamps 2a to 2d can
rotate. However, the configurations of the first and second
gripping devices 11 and 12 are not particularly limited. Next,
a modification 1n which the first and second gripping devices
11 and 12 have different configurations will be described.

As 1llustrated 1n FIG. 19, the second gripping device 12
may not include the third and fourth rotatable clamps 2¢ and
2d and may be configured to be non-rotatable. In this
modification, although the first and second motors 3a and 35
are provided, the third and fourth motors 3¢ and 34 are not
necessary. The revolving step S3 1s performed when the first
gripping device 11 rotates, and the rotating steps S2 and S4
are performed when the first and second clamps 2a and 25
rotate. According to this modification, a rotating mechanism
1s not required 1n the second gripping device 12. Therelore,
it 1s possible to simplify the configuration of the second
oripping device 12. The second gripping device 12 may
include a single clamp that grips both the first and second
clectric wires C1 and C2. When both electric wires C1 and
C2 are gripped by a single clamp, a gripping position of the
first electric wire C1 and a gripping position of the second
clectric wire C2 by the second gripping device 12 can
approach each other more closely. Therefore, it 1s possible to
further shorten the residual twisting length of the twisted
clectric wire CT at the position closer to the second gripping
device 12.

In a reference example illustrated 1in FIG. 20, although the
first gripping device 11 includes the first and second rotat-
able clamps 2a and 2b, the first gripping device 11 1is
configured to be non-rotatable. The second gripping device
12 does not include the third and fourth rotatable clamps 2¢
and 24 and 1s configured to be rotatable. In this example, a
motor that rotates the first and second clamps 2a and 26 and
a motor that rotates the second gripping device 12 may be
included. The revolving step S3 i1s performed when the
second gripping device 12 rotates. The rotating steps S2 and
S4 are performed when the first and second clamps 2a and
2b rotate. According to this example, it 1s not necessary for
one gripping device to include a mechanism for revolution
and a mechanism for rotation. Due to this, 1t 1s possible to
simplity the configuration of the first and second gripping
devices 11 and 12. In this example, the second gripping
device 12 may include a single clamp that grips both the first
and second electric wires C1 and C2. In this example, it 1s
possible to shorten the residual twisting length of the twisted
clectric wire CT at the position closer to the second gripping
device 12.

In the embodiment described above, although the rotating
step S2 1s performed, the rotating step S2 1s not necessary
and can be omitted. The rotating step S4 1s not necessary and
can be omitted.

In the embodiment described above, although the collect-
ing step S5 i1s performed after the rotating step S4 1is
performed (see FIG. 7), another revolving step may be
performed between the rotating step S4 and the collecting
step S3. That 1s, after adjusting the residual twisting length
of the twisted electric wire CT 1n the rotating step S4, an
additional revolving step may be performed.

In the embodiment described above, 1in order to shorten
the residual twisting length of the twisted electric wire CT,
both electric wires C1 and C2 are rotated in the direction
opposite to the revolution direction in the rotating step S4.
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However, the rotating step S4 may be used for increasing the
residual twisting length as well as shortening the residual

twisting length. The rotating step S4 may be a step of
causing both electric wires C1 and C2 to rotate 1n the same
direction as the revolution direction.

Second Embodiment

In the first embodiment, the rotating step S2 and the
revolving step S3 are performed by the pair of gripping units
51 and 52. However, the gripping units 31 and 52 may
perform any one of the rotating step S2 and the revolving
step S3 and another pair of gripping units may perform the
other step.

For example, as 1llustrated in FIG. 21, the twisting device
1 may include a third gripping device 11 A that grips the front
ends of both electric wires C1 and C2 and a fourth gripping
device 12A that grips the rear ends of both electric wires C1
and C2 1n addition to the first and second gripping devices
11 and 12. The twisting device 1 may further include a first
conveying device 61 that conveys the front ends of both
clectric wires C1 and C2 from the first gripping device 11 to
the third gripping device 11 A and a second conveying device
62 that conveys the other set of ends of both electric wires
C1 and C2 from the second gripping device 12 to the fourth
oripping device 12A. The third gripping device 11 A may
include a clamp 2e that grips the front end of the first electric
wire C1 and a clamp 2fthat grips the front end of the second
clectric wire C2. The fourth grnipping device 12A may
include a clamp 2g that grips the rear end of the first electric
wire C1 and a clamp 2/ that grips the rear end of the second
clectric wire C2. Actuators (not illustrated) configured as a
motor or the like are connected to the third and fourth
oripping devices 11A and 12A, respectively. In the present
embodiment, the rotating step S2 1s performed when the first
to Tourth clamps 2a to 2d rotate and the revolving step S3 1s
performed when the third and fourth gripping devices 11A
and 12A rotate.

In the present embodiment, a conveying step 1s performed
after the rotating step S2 1s performed. In the conveying step,
the first conveying device 61 receives the front ends of both
clectric wires C1 and C2 from the first gripping device 11
and the second conveying device 62 receives the rear ends
of both electric wires C1 and C2 from the second gripping
device 12. The first conveying device 61 moves toward the
third gripping device 11 A and the second conveying device
62 moves toward the fourth gripping device 12A. After that,
the first conveying device 61 delivers the front end of the
first electric wire C1 to the clamp 2e and delivers the front
end of the second electric wire C2 to the clamp 2f The
second conveying device 62 delivers the rear end of the first
clectric wire C1 to the clamp 2g and delivers the rear end of
the second electric wire C2 to the fourth clamp 24.

After the conveying step 1s performed, the third and fourth
oripping devices 11A and 12A perform the revolving step
S3. That 1s, the third and fourth gripping devices 11 A and
12 A rotate and the first and second electric wires C1 and C2
are twisted.

According to the present embodiment, the rotating step S2
and the revolving step S3 are performed 1n separate places.
Due to this, although the revolving step S3 i1s performed
subsequently to the rotating step S2 1n a processing order,
the rotating step S2 and the revolving step S3 may be
performed simultaneously. Rotation of one set of electric
wires C1 and C2 and revolution of another set of electric
wires C1 and C2 can be performed simultaneously. When
twisting of a plurality of sets of electric wires C1 and C2 1s
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performed successively, 1t 1s possible to perform the rotating
step S2 and the revolving step S3 stably and to shorten the
entire processmg time. Therefore, it 1s possible to 1improve
the productlon clliciency of the twisted electric wires CT.

The third gripping device 11 A may include a single clamp
that grips the front ends of the first and second electric wires
C1 and C2 instead of the clamps 2¢ and 2/, The fourth
oripping device 12A may include a single clamp that grips
the rear ends of the first and second electric wires C1 and C2
instead of the clamps 2g and 24

In the first embodiment, both the revolving step S3 and
the rotating step S4 are performed by the pair of gripping
units 51 and 52. However, the revolving step S3 and the
rotating step S4 may be performed by different gripping
units.

As 1llustrated 1n FIG. 22, the twisting device 1 may
include a gripping device 11B that grips one set of ends of
both electric wires C1 and C2 and a gripping device 12B that
orips the other set of ends of both electric wires C1 and C2
in addition to the first and second gripping devices 11 and
12. The twisting device 1 may further include a first con-
veying device 61 that conveys one set of ends of both
clectric wires C1 and C2 from the gripping device 11B to the
first gripping device 11 and a second conveying device 62
that conveys the other set of ends of both electric wires C1
and C2 from the gripping device 12B to the second gripping
device 12. The gripping devices 11B and 12B are configured
to be rotatable. The twisting device 1 includes a motor (not
illustrated) that drives the gripping devices 11B and 12B.

In the twisting device 1 1llustrated 1n FIG. 22, the rotating
step S2 15 not performed. The revolving step S3 1s performed
when the gripping devices 11B and 12B rotate.

A conveying step 1s performed after the revolving step S3
1s performed. In the conveying step, the first conveying
device 61 receives one set of ends of both electric wires C1
and C2 from the gnppmg device 11B and the second
conveymg device 62 receives the other set of ends of both
clectric wires C1 and C2 from the gripping device 12B. The
first conveying device 61 moves toward the first gripping
device 11 and the second conveying device 62 moves toward
the second gripping device 12. After that, the first conveying
device 61 delivers one end of the first electric wire C1 to the
first clamp 2a and delivers one end of the second electric
wire C2 to the second clamp 2b. The second conveying
device 62 delivers the other end of the first electric wire C1
to the third clamp 2¢ and delivers the other end of the second
clectric wire C2 to the fourth clamp 2d.

After the conveying step 1s performed, the rotating step S4
1s performed by the first and second gripping devices 11 and
12. That 1s, the first to fourth clamps 2a to 2d rotate and the
residual twisting length of the twisted electric wire CT 1s
adjusted.

According to the present embodiment, the revolving step
S3 and the rotating step S4 are performed 1n separate places.
Due to this, although the rotating step S4 1s performed
subsequently to the revolving step S3 1n a processing order,
the revolving step S3 and the rotating step S4 may be
performed simultaneously. Revolution of one set of electric
wires C1 and C2 and rotation of another set of electric wires
C1 and C2 can be performed simultaneously. Therefore,
when twisting of a plurality of sets of electric wires C1 and
C2 1s performed successively, 1t 1s possible to perform the
rotating step S4 stably and to shorten the entire processing
time.

In the revolving step S3, it 1s suflicient to rotate at least
one of the gripping devices 11B and 12B, and 1t 1s not
necessary to rotate both. In the rotating step S4, 1t 1s
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suilicient to rotate at least one of the first and third clamps
2a and 2c¢ and at least one of the second and fourth clamps

26 and 2d, and 1t 1s not necessary to rotate all of the first to
fourth clamps 2a to 2d.

For example, as 1llustrated in FI1G. 23, the gripping device
12B may be configured to be non-rotatable. The second
ogripping device 12 may not include the third and fourth
rotatable clamps 2¢ and 2d.

In the embodiment described above, although the first
conveying device 61 that conveys one set of ends of both
clectric wires C1 and C2 from the gripping device 11B to the
first gripping device 11 and the second conveying device 62
that conveys the other set of ends of both electric wires C1
and C2 from the gripping device 12B to the second gripping
device 12 are icluded. However, the first conveying device
61 and the first gripping device 11 may be omitted, and
alternatively, the second conveying device 62 and the second
gripping device 12 may be omitted. For example, in the
configuration illustrated in FIG. 22 or 23, the second con-
veying device 62 and the second gripping device 12 may be
omitted. In this case, 1n the conveying step subsequent to the
revolving step S3, although the first conveying device 61
delivers one set of ends of both electric wires C1 and C2
from the gripping device 11B to the first gripping device 11,
the gripping device 12B continues gripping the other set of
ends of both electric wires C1 and C2. In the rotating step
S4 subsequent to the conveying step, the first and second
clamps 2a and 26 of the first gripping device 11 rotate and
the residual twisting length of the twisted electric wire CT
1s adjusted.

Although the description 1s omitted, various modifications
similar to those of the first embodiment may occur 1n the
second embodiment.

Third E

Embodiment

The twisting device 1 may include another device in
addition to the above-described structure. The twisting
device 1 according to the third embodiment includes a pitch
measuring device 90 that measures the twisting pitch (a twist
pitch) of the twisted electric wire CT. That 1s, the twisting
device 1 according to the third embodiment produces a
twisted electric wire CT by twisting the first and second
clectric wires C1 and C2 and then measures the twist pitch
of the twisted electric wire CT.

In the twisting device 1 according to the third embodi-
ment, the pitch measuring device 90 to be described later 1s
applied to the twisting device 1 according to the first or
second embodiment (including the modifications thereot).
However, the twisting device in which the pitch measuring
device 90 1s included 1s not limited to the twisting device 1
described above. In the following description, the pitch
measuring device 90 provided in a twisting device 1A
different from the twisting device 1 described above will be
described.

In the following description, the directions indicated by
symbols F, Rr, L, R, U, and D in the drawings indicate the
front, rear, left, rnght, up, and down unless particularly stated
otherwise. However, these directions are determined for the
sake of convenience only.

As 1llustrated 1n FI1G. 24, the twisting device 1A includes
a first gripping device 330, a second gripping device 340, a
motor 110 that causes the first gripping device 330 to rotate
around the center line of revolution CL., and a motor 120 that
causes the second gripping device 340 to rotate around the
center line of revolution CL. Moreover, the twisting device
1A includes the pitch measuring device 90, a rail 130, and
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a conveying unit 140. The pitch measuring device 90
includes a moving unit 150, a pitch sensor 160, and a
processor 170. The twisting device 1A produces a twisted
clectric wire CT by twisting the first and second electric
wires C1 and C2 1n which a terminal T 1s pressure-joined to
both ends thereof.

The first gripping device 330 includes a grip arm 132 that
holds the rear ends of the first and second electric wires C1
and C2 and a clamp actuator (not 1llustrated) that opens and
closes the grip arm 132. A motor, an air cylinder, a hydraulic
cylinder, and the like, for example, can be suitably used as
the clamp actuator. The second gripping device 340 has a
configuration similar to the first gripping device 330. The
second gripping device 340 includes a grip arm 142 that can
be open and closed and a clamp actuator (not 1llustrated) that
opens and closes the grip arm 142.

The second gripping device 340 has a shider 121 that 1s
engaged with the rail 130. The second gripping device 340
1s configured to change the distance to the first gripping
device 330 by moving on the rail 130. The second gripping
device 340 1s engaged with a ball screw or the like driven by
a motor, for example, so as to slide on the rail 130 by the
power of the motor. In the present embodiment, the second
oripping device 340 only slides on the rail 130 among the
first and second gripping devices 330 and 340. However, the
first gripping device 330 only may slide on the rail 130 or
both the first and second gripping devices 330 and 340 may
slide on the rail 130. The driving source 1s not limited to the
motor and the driving force transmission means 1s not
limited to the ball screw.

The moving unit 150 1s disposed between the first and
second gripping devices 330 and 340. The moving unit 150
1s engaged with the rail 130. The moving unit 150 can move
on the rail 130. The moving unit 150 can move toward the
first gripping device 330 (rearward) and move toward the
second gripping device 340 (forward). Hereinafter, the mov-
ing direction of the moving unit 150 will be denoted by X.
In this example, the moving direction X 1s a front-rear
direction. A belt 153 wound around a pulley 151 of a motor
152, for example, 1s connected to the moving unit 150. The
moving unit 150 can slide along the rail 130 according to the
rotation of the motor 152. In this example, although the
moving unit 150 1s engaged with the rail 130 the same as the
rail with which the second gripping device 340 1s engaged,
the moving unit 150 may be engaged with a different rail.
However, when the moving unit 150 and the second gripping
device 340 are engaged with the same rail 130, it 1s possible
to reduce the number of components as compared to a case
in which individual rails are provided.

The pitch sensor 160 1s supported by the moving unit 150.
The pitch sensor 160 detects the position of the twisted
clectric wire CT with respect to the direction Y perpendicu-
lar to the direction X. In this example, the direction Y 1s a
left-right direction of the twisting device 1A. The position of
the pitch sensor 160 1s adjusted so that the center line of
rotation (that 1s, the center line of revolution) CL of the first
and second gripping devices 330 and 340 passes through a
detection region. The twisted electric wire CT 1s held on the
center line of revolution CL. An optical sensor such as a
photoelectric sensor or a laser sensor, for example, 1s used as
the pitch sensor 160. For example, a transmissive photo-
clectric sensor, a retlective photoelectric sensor, or a laser
displacement sensor can be 1deally used. A proximity sensor,
an 1mage sensor, or the like can be used. A magnetic sensor
that supplies current to the twisted electric wire CT and
measures a magnetic field around the twisted electric wire
CT may be used.
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The motors 110 and 120 are preferably configured as a
servo motor so as to be able to detect a rotational position.

The conveying unit 140 1s disposed leftward of the pitch
measuring device 90, for example. The conveying unit 140
includes two conveying arms 143 and a moving mechanism
(not 1illustrated) that moves the conveying arms 143. The
conveying arm 143 has a mechanism similar to the grip arm
132 or 142. The conveying arm 143 can grip the first and
second electric wires C1 and C2 simultaneously in a state 1n
which the electric wires are arranged 1n the left-right direc-
tion. The moving mechanism can move the conveying arm
143 1n the left-right direction. The moving mechanism can
convey the first and second electric wires C1 and C2 up to
the position of the center line of revolution CL by moving,
the conveying arm 143 rightward.

The processor 170 calculates the twist pitch of the twisted
clectric wire CT on the basis of the surface position of the
twisted electric wire CT detected by the pitch sensor 160.

As 1llustrated 1n FIG. 25, the twisted electric wire CT has
peaks 220A and troughs 220B. The peaks 220A and the
troughs 2208 are alternately arranged adjacent to each other.
Two sets of peaks 220A and troughs 220B form one cycle of
twisting of the twisted electric wire CT. The twist pitch P can
be defined as the distance between the peaks 220A of the
first electric wire CT or the distance between the peaks 220A
of the second electric wire C2, for example. For example,
the positions of respective peaks 220A may be detected
along a detection line SL and the distance obtained by
summing the distances between two sets of adjacent and
successive peaks 220A may be detected as the twist pitch P.
The position of the detection line SL 1s not particularly
limited. For example, the distance between troughs 220B of
the first electric wire C1 or the distance between troughs
220B of the second electric wire C2 may be defined as the
twist pitch P. Whether the twist pitch P i1s adequate or not 1s
determined, for example, on the basis of whether the mea-
sured twist pitches P fall within a predetermined numerical
range. Alternatively, whether the twist pitch P 1s adequate or
not 1s determined on the basis of whether an average twist
pitch P falls within a predetermined numerical range.

As 1llustrated i FIG. 24, the pitch sensor 160 according
to the present embodiment 1s a transmissive photoelectric
sensor having a projector 162 and a receiver 164. In the
tollowing description, the pitch sensor 160 will be referred
to as a photoelectric sensor 160. The photoelectric sensor
160 determines the presence of an obstacle on the basis of
whether the receiver 164 receives light emitted by the
projector 162. The receiver 164 1s connected to an amplifier
166. The amplifier 166 outputs a signal when the receiver
164 does not receive light, for example. Alternatively, the
amplifier 166 may output a signal when the receirver 164
receives light.

The projector 162 and the receiver 164 face each other
with the twisted electric wire CT disposed therebetween. For
example, the projector 162 i1s installed above the twisted
clectric wire CT and the receiver 164 1s installed below the
twisted electric wire CT. In this example, the direction of an
optical axis OA of the photoelectric sensor 160 1s a vertical
direction. However, the vertical relation of the projector 162
and the receiver 164 may be reversed. Moreover, the pro-
jector 162 and the recerver 164 may not necessarily be
disposed so that the optical axis OA 1s in the vertical
direction. For example, the projector 162 and the receiver
164 may be disposed so that the optical axis OA 1s inclined
from the vertical direction. The photoelectric sensor 160
detects the position of the twisted electric wire CT while
moving in the direction X. The photoelectric sensor 160
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detects a portion of the twisted electric wire CT positioned
on the detection line SL (see FIG. 25) which 1s separated by
a predetermined distance in a radial direction r from the
center of the twisted electric wire CT. If the twisted electric
wire CT 1s twisted at a constant pitch, the amplifier 166 of
the photoelectric sensor 160 outputs a signal at a constant
interval. This signal 1s input to the processor 170, and the
processor 170 calculates the twist pitch.

When a light transmissive sensor like the present embodi-
ment 1s used, a region SA1 (see FIG. 235) 1n which both the
first electric wire C1 and the second electric wire C2 are not
present on the detection line SL 1s detected. On the other
hand, when a reflective displacement sensor such as a laser
displacement sensor, for example, 1s used, the center line CL
1s used as a detection line and the respective portions of the
first and second electric wires C1 and C2 are detection
targets. When an optical sensor that emits light 1n a strip-like
shape perpendicular to the moving direction X of the mov-
ing unit 150 1s used, a region SA3 including a region 1n
which the first or second electric wire C1 or C2 1s present
and a region 1 which both the first and second electric wires
C1 and C2 are not present 1s a detection target.

Next, an operation of the twisting device 1A will be
described. First, the conveying arm 143 of the conveying
unit 140 moves rightward while gripping the first and second
electric wires C1 and C2. Subsequently, the conveying arm
143 delivers the first and second electric wires C1 and C2 to
the first and second gripping devices 330 and 340.

Subsequently, the motor 110 rotates the first gripping
device 330 and the motor 120 rotates the second gripping
device 340. The rotation direction of the first gripping device
330 1s opposite to the rotation direction of the second
oripping device 340. With rotation of the first and second
oripping devices 330 and 340, the first and second electric
wires CT are twisted. When the first and second electric
wires C1 and C2 are twisted, an apparent length decreases.
Theretore, the second gripping device 340 moves toward the
first gripping device 330 with the progress of twisting. The
second gripping device 340 may move at a predetermined
speed or may move so that the tension of the first and second
clectric wires C1 and C2 becomes constant.

In this way, the twisted electric wire CT 1s produced.
When the twisted electric wire CT 1s produced, the motors
110 and 120 stop and the rotation of the first and second
oripping devices 330 and 340 stop. Subsequently, the mov-
ing unit 150 moves from one of the first and second gripping
devices 330 and 340 toward the other gripping device and
the pitch sensor 160 measures the position of the twisted
clectric wire CT. The processor 170 receives a signal from
the pitch sensor 160 and calculates the twist pitch of the
twisted electric wire CT. Moreover, the processor 170 deter-
mines whether the quality of the twisted electric wire CT 1s
satisfactory on the basis of whether the twist pitch 1s within
a predetermined numerical range.

According to the pitch measuring device 90 of the present
embodiment, the moving unit 150 moves 1n the longitudinal
direction of the twisted electric wire CT 1n a state 1n which
the first and second gripping devices 330 and 340 hold the
ends of the first and second electric wires C1 and C2. When
the moving unit 150 moves, the twist pitch of the twisted
clectric wire CT 1s measured. Due to this, 1t 1s not necessary
to cut the ends of the twisted electric wire CT and pressure-
joimnt the terminal T to the ends aifter the twist pitch 1s
measured. Therefore, there 1s no possibility that the quality
of the twisted electric wire CT deteriorates aiter the pitch
measurement. Moreover, the twist pitch 1s calculated on the
basis of the surface position of the twisted electric wire CT
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detected by the pitch sensor 160. Due to this, it 1s possible
to measure the pitch with high accuracy. Therefore, accord-
ing to the pitch measuring device 90, 1t 1s possible to perform
high-accuracy pitch measurement and to maintain the qual-
ity of the twisted electric wire CT after the measurement.

However, a varnation may occur 1n the gripping position
of the first and second electric wires C1 and C2 by the first
and second gripping devices 330 and 340. For example, as
illustrated in FIG. 26, the first gripping device 330 may hold
one set of ends of the first and second electric wires C1 and
C2 on the right of the center line of revolution CL, and the
second gripping device 340 may hold the other set of ends
of the first and second electric wires C1 and C2 on the leit
of the center line of revolution CL. In this case, when the
first and second gripping devices 330 and 340 are rotated,
the twisted electric wire CT 1s tilted from the center line of
revolution CL when seen from the above. When the twisted
clectric wire CT 1s tilted 1n this manner, an error may occur
in the pitch measured by the photoelectric sensor 160.

Therefore, the first and second gripping devices 330 and
340 (see FIGS. 24 and 26) oriented horizontally when
receiving the first and second electric wires C1 and C2 may
be oriented vertically when measuring the pitch as illustrated
in FI1G. 27. The first and second gripping device 330 and 340
being oriented vertically refers to a state in which a gripping,
surface 135 of the grip arm 132 and a gripping surface 145
of the grip arm 142 are oriented vertically. On the other
hand, the first and second gripping devices 330 and 340
being oriented horizontally refers to a state in which the
gripping surfaces 135 and 145 are oriented horizontally. In
this manner, before the pitch measurement, the position of
the first and second gripping devices 330 and 340 may be
changed by 90° from a position wherein the first and second
oripping devices receive the first and second electric wires
C1 and C2 from the conveying arm 143. In this way, as
illustrated 1n FIG. 27, the twisted electric wire CT 1s
positioned on the center line of revolution CL when seen
from the above. When the first and second gripping devices
330 and 340 are onented vertically in this manner, the
twisted electric wire CT 1s held within a vertical plane
including the optical axis OA of the photoelectric sensor 160
and the moving direction X of the moving unit 150 or within
a vertical plane parallel to the vertical plane. Due to this, 1t
1s possible to perform the pitch measurement by the photo-
clectric sensor 160 satisfactorily regardless of the shift in the
gripping position.

When the twisted electric wire CT 1s disposed within a
plane that includes the optical axis OA of the photoelectric
sensor 160 and is parallel to the moving direction X of the
moving umt 150, although the first and second gripping
devices 330 and 340 may be rotated around the center line
of revolution CL, the photoelectric sensor 160 may be
rotated around the center line of revolution CL. In the
present embodiment, the motor 110 1s configured to rotate
the first gripping device 330 and the motor 120 1s configured
to rotate the second gripping device 340. Due to this, a
dedicated rotating mechanism for disposing the twisted
clectric wire CT within the plane 1s not necessary. However,
a dedicated rotating mechanism may be provided 1n the first
and second gripping devices 330 and 340 or the photoelec-
tric sensor 160. In order to dispose the twisted electric wire
CT 1n the plane, a rotating mechanism may be provided 1n
addition to the motors 110 and 120.

The photoelectric sensor 160 may be configured to emait
linear light and may be configured to emit strip-like light.
When the photoelectric sensor 160 that emits light having a
strip-like shape perpendicular to the moving direction X of
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the moving unit 150 1s used, light of which the optical axis
extends 1n a vertical direction 1s emitted continuously 1n a
strip-like form 1n the direction Y. FIG. 28 1s a perspective
view of the pitch measuring device 90 including the pho-
toelectric sensor 160 that emits the strip-like light. A symbol
SA 1 FIG. 28 indicates a detection region of the photoelec-
tric sensor 160. This detection region SA has a width 1n the
direction Y.

FIG. 29 1s a schematic top view of the pitch measuring
device 90 1illustrated 1n FIG. 28. As illustrated in FIG. 29,
even when the twisted electric wire CT 1s tilted from the
center line of revolution CL. when seen from the above, since
the detection region SA of the photoelectric sensor 160 has
a width 1n the direction Y, all portions of the twisted electric
wire CT falls within the detection region SA. Therefore,
even when the first and second gripping devices 330 and 340
are not rotated or the photoelectric sensor 160 1s not rotated,
it 1s possible to perform the pitch measurement by the
photoelectric sensor 160 satistactorily. Furthermore, in this
example, since the first and second gripping devices 330 and
340 are oriented horizontally, all portions of the twisted
clectric wire CT {fall within the same horizontal plane HP.
Due to this, the distances between the projector 162 and the
respective portions of the twisted electric wire C'T become
equal and the distances between the recerver 164 and the
respective portions of the twisted electric wire CT become
equal. Therefore, 1t 1s possible to perform the pitch mea-
surement by the photoelectric sensor 160 more satistactorily.
In this example, since the first and second gripping devices
330 and 340 are oriented horizontally, all portions of the
twisted electric wire CT are disposed within the same plane
perpendicular to the optical axis of the photoelectric sensor
160. However, 11 not, the pitch measuring device 90 may
include a mechanism for rotating the first and second
gripping devices 330 and 340 or rotating the moving unit
150 so that the twisted electric wire CT 1s disposed within
the same plane perpendicular to the optical axis of the
photoelectric sensor 160.

In the embodiment described above, one pitch sensor 160
1s provided between the first and second gripping devices
330 and 340. However, a plurality of pitch sensors 160 may
be provided between the first and second gripping devices
330 and 340. For example, as illustrated in FIG. 30, three
pitch sensors 160 may be provided between the first and
second gripping devices 330 and 340. A number of moving
units 150 the same as the number of pitch sensors 160 are
engaged with the rail 130. The respective pitch sensors 160
are supported by the moving units 150 engaged with the rail
130.

When a plurality of pitch sensors 160 i1s provided, a
measurement range per one pitch sensor 160 in the longi-
tudinal direction of the twisted electric wire CT can be
decreased. Therefore, 1t 1s possible to shorten the time for
measuring the pitch of the twisted electric wire CT. For
example, when three pitch sensors 160 are provided, the
pitch measurement time can be shorted by 4.

In the embodiment described above, the conveying arm
143 1s configured to deliver the first and second electric
wires C1 and C2 to the first and second gripping devices 330
and 340 from a lateral side. However, depending on the type
of the twisting device 1A, the conveying arm 143 may
deliver the first and second electric wires C1 and C2 to the
first and second gripping devices 330 and 340 from the
upper side toward the lower side. In this case, the pitch
sensor 160 may become an obstacle.

As 1illustrated 1 FIG. 24, a collection tray 155 may be
disposed below the first and second gripping devices 330
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and 340 and the pitch sensor 160. In this case, after the pitch
of the twisted electric wire CT 1s measured, the twisting
device 1A opens the first and second gripping devices 330
and 340 so that the twisted electric wire CT {falls freely to be
collected 1n the collection tray 155. In this case, the pitch
sensor 160 may become an obstacle.

Therefore, as illustrated in FIG. 31, the sensor attachment
member 250 to which the pitch sensor 160 1s attached may
be configured to be movable between a detection position SP
and an evacuation position EP. Although the configuration of
the sensor attachment member 250 1s not particularly lim-
ited, the sensor attachment member 250 includes an attach-
ment plate 252 and a hinge 254. The attachment plate 252 1s
configured to be rotatable about a vertical axis. The projector
162 and the receiver 164 are attached to the attachment plate
252. A position at which the attachment plate 252 faces the
direction Y 1s the detection position SP and a position at
which the attachment plate 252 faces the direction X 1s the
evacuation position EP. When the attachment plate 252 is at
the detection position SP, the attachment plate 252 overlaps
the twisted electric wire CT when seen from the above.
When the attachment plate 252 1s at the detection position
SP, the twisted electric wire CT 1s positioned between the
projector 162 and the receiver 164. On the other hand, when
the attachment plate 252 1s at the evacuation position EP, the
attachment plate 252 does not overlap the twisted electric
wire CT when seen from the above. When the attachment
plate 252 1s at the evacuation position EP, the twisted electric
wire CT 1s not disposed between the projector 162 and the
receiver 164.

According to the present embodiment, when the pitch of
the twisted electric wire CT 1s not measured, the sensor
attachment member 250 1s moved to the evacuation position
EP whereby the pitch sensor 160 and the sensor attachment
member 250 are prevented from becoming an obstacle. That
15, when the first and second electric wires C1 and C2 are
delivered to the first and second gripping devices 330 and
340 from the upper side toward the lower side, or when the
first and second gripping devices 330 and 340 are open so
that the twisted electric wire CT falls freely, 1t 1s possible to
prevent the pitch sensor 160 and the sensor attachment
member 250 from becoming an obstacle. Moreover, 1t 1s
possible to prevent the first and second electric wires C1 and
C2 from making contact with the pitch sensor 160 or the
sensor attachment member 250 when the first and second
gripping devices 330 and 340 are rotated.

Although the sensor attachment member 250 may be
moved manually by a user, an actuator 260 may be provided
so as to move the sensor attachment member 250 between
the detection position SP and the evacuation position EP.
The actuator 260 1s an air cylinder, an electric motor, or the
like, for example. For example, an air cylinder having a shatt
connected to the attachment plate 252 may be used. The
actuator 260 may be controlled so as to be mterlocked with
at least one of the conveying unit 140, the first gripping
devices 330 and 340, and the motors 110 and 120.

An evacuation detection sensor that detects whether the
sensor attachment member 250 1s at the evacuation position
EP may be provided. By detecting the position of the sensor
attachment member 250, 1t 1s possible to prevent the first and
second electric wires C1 and C2 from being conveyed to the
first and second gripping devices 330 and 340 from the
upper side toward the lower side and to prevent the twisted
clectric wire CT from falling toward the collection tray 155
in a state in which the sensor attachment member 250 1s at
the detection position SP. Whether the sensor attachment
member 250 1s at the evacuation position EP can be ascer-
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tained by the naked eyes. However, by using the evacuation
detection sensor, 1t 1s possible to detect that the sensor
attachment member 250 1s at the evacuation position EP
more reliably.

Various control operations can be performed using a
signal output by the evacuation detection sensor. For
example, when the conveying unit 140 conveys the electric
wires C1 and C2 toward the first gripping devices 330 and
340 1n a state 1n which the sensor attachment member 250
1s at the detection position SP, the operation of the conveying
umit 140 may be forcibly stopped according to the signal
output by the evacuation detection sensor. The first and
second gripping devices 330 and 340 may be caused so as
not to release the twisted electric wire C'T when the sensor
attachment member 2350 1s at the detection position SP using
the signal output by the evacuation detection sensor.

The configuration of the evacuation detection sensor 1s
not particularly limited. The evacuation detection sensor 1s
a proximity switch included in the actuator 260, for
example. For example, by using an air cylinder with a
proximity switch, it 1s possible to detect a position at which
the shaft of the air cylinder 1s retracted and a position at
which the air cylinder 1s extended. Moreover, as illustrated
in FIG. 31, a limit switch 270 may be disposed at a position
at which the limit switch 270 1s pressed by the attachment
plate 252 when the sensor attachment member 250 1s folded
to the evacuation position EP.

Although a dedicated sensor may be provided as the
evacuation detection sensor, the pitch sensor 160 may be
used as the evacuation detection sensor. For example, as
illustrated 1n FIG. 32, a shielding plate 280 may be provided
so as to block light traveling from the projector 162 toward
the receiver 164 when the sensor attachment member 250 1s
at the evacuation position EP so that the detection state of the
pitch sensor 160 i1s different depending on whether the
sensor attachment member 250 1s at the detection position
SP or the evacuation position EP. In this way, 1t 1s not
necessary to provide an evacuation detection sensor apart
from the pitch sensor 160. Therefore, 1t 1s possible to
decrease the number of components of the twisting device
1A.

By using the pitch sensor 160, it 1s possible to detect
whether the first and second electric wires C1 and C2 are
disposed between the first and second gripping devices 330
and 340. In other words, by using the signal output from the
pitch sensor 160, 1t 1s possible to detect whether the first and
second electric wires C1 and C2 are held by the first and
second gripping devices 330 and 340 before the first and
second electric wires C1 and C2 are twisted. Moreover, 1t 1s
possible to detect whether the twisted electric wire CT 1s
held by the first and second gripping devices 330 and 340
after the first and second electric wires C1 and C2 are
twisted.

The twisting device 1A may include a determination
device 190 (see FI1G. 24) that determines whether the twisted
clectric wire CT 1s held by the first and second gripping
devices 330 and 340 on the basis of the signal output from
the pitch sensor 160 before or after the moving unit 150 1s
moved. The determination device 190 receives a signal from
the pitch sensor 160 and determines whether the twisted
clectric wire CT 1s actually held at a position at which the
twisted electric wire CT 1s to be held. For example, this
determination 1s made by determining whether an obstacle 1s
present 1n a detection region of the photoelectric sensor 160.
When the twisted electric wire CT 1s not present between the
first and second gripping devices 330 and 340, light from the
projector 162 1s not blocked at any position of the detection
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region but light 1s received at all positions. When the
determination device 190 determines that the twisted electric
wire CT 1s not held, a process of stopping the twisting device
1A, a process of 1ssuing a warning, or the like may be
performed.

In the twisting device 1A, the first gripping device 330 1s
configured to grip one set of ends of the first and second
clectric wires C1 and C2, and the second gripping device
340 1s configured to grip the other set of ends of the first and
second electric wires C1 and C2. The conveying unit 140 1s
configured to deliver one set of ends of the first electric wires
C1 and C2 to the first gripping device 330 simultaneously
and deliver the other set of ends of the first and second
clectric wires C1 and C2 to the second gripping device 340
simultaneously. However, the first gripping device 330 may
be configured to grip one end of the first electric wire C1 and
one end of the second electric wire C2 individually. The
second gripping device 340 may be configured to grip the
other end of the first electric wire C1 and the other end of the
second electric wire C2 individually. The conveying unit
140 may be configured to convey the first and second
clectric wires C1 and C2 individually.

The pitch measurement may be performed for all twisted
clectric wires CT produced by the twisting device 1A and
may be performed for only some of the twisted electric wires
CT produced successively. For example, the pitch measure-
ment may be performed for a predetermined number of
twisted electric wires CT immediately after startup of the
twisting device 1A (initial inspection). Alternatively, the
pitch measurement may be performed for a predetermined
number of twisted electric wires CT at every predetermined
intervals during operation of the twisting device 1A (peri-
odic mspection). The pitch measurement may be performed
when a user has instructed to do so. The pitch measurement
can be executed at an arbitrary timing.

Hereinabove, the pitch measuring device 90 provided in
the twisting device 1A has been described. As described
above, the twisting device 1 according to the third embodi-
ment 1s configured such that the pitch measuring device 90
1s added to the twisting device 1 according to the first or
second embodiment. For example, 1t 1s possible to obtain the
twisting device 1 including the pitch measuring device 90 by
replacing the first and second gripping devices 330 and 340,
the motors 110 and 120, the rail 130, and the slider 121 of
the twisting device 1A with the first and second gripping
devices 11 and 12, the first and second motors 3a and 35, the
rail 4, and the base 5 of the first gripping unit 51 of the
twisting device 1, respectively.

REFERENCE SIGNS LIST

1 Electric wire twisting device

2a First clamp

26 Second clamp

3a First motor (First rotating actuator)
3b Second motor (First revolving actuator)
15A First holder

11 First gripping device

12 Second gripping device

C1 First electric wire

C2 Second electric wire

CT Twisted electric wire

CL Center line of revolution

Q1 First center line of rotation

Q2 Second center line of rotation
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The mnvention claimed 1s:

1. An electric wire twisting device producing a twisted
clectric wire by twisting at least a first electric wire and a
second electric wire each of the first and second electric
wires having a first end and a second end, the electric wire
twisting device comprising: a first gripping device including
a first clamp that grips the first end of the first electric wire,
a second clamp that grips the first end of the second electric
wire, and a first holder that holds the first clamp and the
second clamp; a second gripping device that grips the
second end of the first electric wire and the second end of the
second electric wire; a first revolving actuator that 1s con-
nected to the first holder so as to cause the first holder to
rotate around a center line of revolution positioned between
the first clamp and the second clamp; a first rotating actuator
that 1s connected to at least the first clamp so as to cause the
first clamp to rotate around a {irst center line of rotation that
1s parallel to the center line of revolution or 1s inclined with
respect to the center line of revolution; a pitch measuring
device that measures a pitch of twisting of the twisted
clectric wire, wherein the pitch measuring device includes:
a moving unit that i1s located between the first gripping
device and the second gripping device and 1s movable with
respect to both of the first gripping device and the second
gripping device along the center line of revolution; a sensor
that 1s supported on the moving unit and detects a surtface
position of the twisted electric wire; and a processor that
calculates the pitch of twisting of the twisted electric wire
based on the surface position of the twisted electric wire
detected by the sensor; and a rail that extends 1n a direction
parallel to the center line of revolution and configured such
that at least one of the first gripping device and the second
gripping device 1s slidably engaged with the rail, wherein the
moving unit 1s slidably engaged with the rail.

2. The electric wire twisting device according to claim 1,
turther comprising;:

a driving gear that rotates by a driving force of the first

rotating actuator; and

a first gear that 1s fixed to the first clamp and engages with
the driving gear.

3. The electric wire twisting device according to claim 1,

wherein

the first rotating actuator 1s configured to cause the first
clamp to rotate 1n a first rotation direction, and

the first revolving actuator 1s configured to cause the first
holder to rotate 1n a second rotation direction opposite
to the first rotation direction.

4. The electric wire twisting device according to claim 3,

wherein

the second gripping device includes a third clamp that
orips the second end of the first electric wire, a fourth
clamp that grips the second end of the second electric
wire, and a second holder that holds the third clamp and
the fourth clamp,

the electric wire twisting device further including a sec-
ond revolving actuator that 1s connected to the second
holder so as to cause the second holder to rotate 1n the
first rotation direction.

5. The electric wire twisting device according to claim 4,

further comprising;:

a second rotating actuator that 1s connected to at least the
third clamp so as to cause the third clamp to rotate
around a third center line of rotation that 1s parallel to
the center line of revolution or 1s inclined with respect
to the center line of revolution, wherein

the second rotating actuator 1s configured to cause the
third clamp to rotate in the second rotation direction.
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6. The electric wire twisting device according to claim 1,
wherein

the first clamp 1s disposed such that a portion of the first
clamp comes close to the center line of revolution as the
portion of the first clamp comes close to a distal end
thereof, and the first center line of revolution 1s inclined
with respect to the center line of revolution; and/or

the second clamp 1s disposed such that a portion of the
second clamp comes close to the center line of revo-
lution as the portion of the second clamp comes close
to a distal end thereof, and the second center line of
rotation 1s 1nclined with respect to the center line of
revolution.

7. The electric wire twisting device according to claim 1,

wherein

at least one of the first and second clamps includes:

a shaft which has a distal end and a base end and 1s
slidably and rotatably supported by the first holder;

a grip arm which 1s connected to the distal end of the shaft
so that the grip arm 1s open when the shait slides from
the base end toward the distal end and 1s closed when
the shaft slides from the distal end toward the base end:

a forcing member that 1s attached to the shait so as to
provide force with the shaft so that the shaft 1s urged
from the distal end toward the base end; and

a clamp actuator that provides force with the shatt so that
the shaft 1s urged from the base end to the distal end.

8. The electric wire twisting device according to claim 7,

wherein

the forcing member 1s a spring,

the clamp actuator has an engagement portion that 1s
movable between an engagement position, at which the

engagement portion engages with the shaft, and a

separation position, at which the engagement portion 1s

separated from the shaft, and a dniving source that
moves the engagement portion, and

the engagement portion engages with the shaft such that
force 1s provided with the shaift so that the shaft 1s urged
from the base end toward the distal end.

9. The electric wire twisting device according to claim 1,

turther comprising:

a controller that starts driving the first rotating actuator
betfore the first revolving actuator starts driving.

10. The electric wire twisting device according to claim 9,

wherein

the controller starts driving the first rotating actuator after
driving of the first rotating actuator is stopped tempo-
rarily and after the first revolving actuator starts driv-
ng.

11. The electric wire twisting device according to claim 1,

turther comprising

a controller that starts driving the first rotating actuator
aiter the first revolving actuator starts driving.

12. The electric wire twisting device according to claim 1,

wherein
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the second gripping device includes a third clamp that
orips the second end of the first electric wire, a fourth
clamp that grips the second end of the second electric
wire, and a second holder that holds the third clamp and
the fourth clamp,

the electric wire twisting device further including:

a second revolving actuator that i1s connected to the
second holder so as to cause the second holder to rotate
in the first rotation direction; and

a controller that starts driving the first rotating actuator
after the second revolving actuator starts driving.

13. The electric wire twisting device according to claim 1,

further comprising:

a third gripping device including a fifth clamp that grips
the first end of the first electric wire and a sixth clamp
that grips the first end of the second electric wire;

a third rotating actuator that 1s connected to at least the
fifth clamp so as to cause the fifth clamp to rotate
around a fifth center line of rotation that 1s parallel to
the center line of revolution or 1s inclined with respect
to the center line of revolution;

a conveying device that conveys the first end of the first
clectric wire from the first clamp to the fifth clamp and
conveys the first end of the second electric wire from
the second clamp to the sixth clamp; and

a controller that starts driving the third rotating actuator
after driving the conveying device aiter the driving of
the first revolving actuator ends.

14. The electric wire twisting device according to claim 1,

wherein

the sensor 1s an optical sensor, and

the first gripping device, the second gripping device, and
the moving unit are configured so that the twisted
clectric wire 1s disposed within a plane including the
center line of revolution and an optical axis of the
optical sensor or a plane parallel to the plane when the
optical sensor performs detection.

15. The electric wire twisting device according to claim 1,

wherein

the moving unit has a sensor attachment member to which
the sensor 1s attached, and

the sensor attachment member 1s configured to be mov-
able between a detection position at which the sensor
detects the surface position of the twisted electric wire
and an evacuation position at which the sensor attach-
ment member 1s evacuated from the detection position.

16. The electric wire twisting device according to claim 1,
wherein the pitch measuring device measures the pitch of
twisting of the twisted electric wire by moving according to
the movement of the moving unit a long the center line of
revolution.

17. The electric wire twisting device according to claim 1,
wherein the pitch measuring device measures the pitch of
twisting of the twisted electric wire after the first revolving
actuator stops the rotation of the first holder.
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